Introduction
============

Twenty-four-hour ambulatory blood pressure monitoring (24-hour ABPM) provides more accurate information on the diurnal variation of blood pressure (BP) than office- or home-monitored BP, and allows more accurate predictions of target organ damage (TOD) than BP measurements taken in an office. In cases in which the 24-hour mean systolic BP (SBP) is \>135 mmHg, the risk of developing cardiovascular complications is 2 times higher than in other cases.[@B1][@B2]

Generally, the mean BP at night is lower (by at least 10-20%) than during the day, and is referred to as \"the dipper.\" It has been reported that in cases without nocturnal BP reduction (non-dippers), the risk of cardiovascular events is 3 times higher than in dippers. However, in cases with marked nocturnal BP reduction (≥20%; extreme dippers), transient ischemic attacks (TIA) are more prevalent.[@B1][@B2] In a study of hypertensive patients,[@B3] it was demonstrated that BP is generally lowest at 3 a.m., begins to rise at 6 a.m., and exhibits the highest values at 10 a.m. In addition, in hypertensive patients, SBP rises by 3 mmHg per hour and diastolic BP (DBP) rises by 2 mmHg per hour in each of the 4-6 hours after awakening.[@B3] Based on multivariate analysis, the waking morning BP surge is significantly associated with cardiovascular risk, independent of age and 24-hour BP level.[@B4]

There are 3 pathophysiologic mechanisms associated with the increased risk of cardiovascular events in the early morning period. The first is increased intra-arterial pressure and vasoconstriction of the coronary artery due to the activation of the sympathetic nerve system in the early morning. The second is the elevation of BP itself, which promotes an increase in cardiac stroke work, resulting in increasing shear stress on blood vessels and an increased risk of plaque rupture. The third, hypercoagulability in the early morning, is induced by an increase in platelet aggregation and reduces the function of the fibrinolytic system. As a consequence of these 3 mechanisms, the threshold for myocardial infarction becomes low, promoting plaque rupture in the coronary arteries, and causing vessel occlusion and infarction.[@B5][@B6]

With aging, not only the elevation of BP,[@B7]-[@B9] but also excessive early morning BP surges (EMBPS), are associated with cardiovascular events, such as myocardial infarction, stroke, and sudden cardiac death; consequently, excessive EMBPS are considered to be an independent risk factor for various cardiovascular events.[@B10]-[@B12] Additionally, beyond the approximate age of 60 years, SBP continues to increase, but DBP reaches a plateau or gradually falls, and this leads to an accelerated rise in pulse pressure (PP).[@B9]

Thus, the aim of this study was to examine the age-related changes among the parameters determined by 24-hour ABPM, including EMBPS, and conventional cardiovascular risk factors, and examine the association between 24-hour ABPM parameters and cardiovascular risk factors.

Subjects and Methods
====================

Participants
------------

All subjects were older than 21 years of age who visited the Cardiology Outpatient Unit of the Catholic University St. Mary\'s Hospital or Holy Family Hospital for the first time between 1 January and 31 December 2005. The subjects were referred for evaluation and management of hypertension on the basis of a persistently elevated BP in the outpatient clinic of the Department of Internal Medicine under suspicion of hypertension. We identified all patients who had 1) essential hypertension, defined as an office SBP \>140 mmHg and/or an office DBP \>90 mmHg, according to the guidelines of the Joint National Committee VII,[@B13] the British Hypertension Society,[@B14] and the European Society of Hypertension,[@B15][@B16] 2) a 24-hour mean SBP \>125 mmHg or a 24-hour mean DBP \>80 mmHg[@B15][@B16] for the exclusion of white coat hypertension; and 3) never previously taken antihypertensive drugs. Patients with diabetes mellitus (DM), hyperlipidemia, and nephropathy (serum creatinine of \>1.3 mg/dL in women and \>1.5 mg/dL in men) were excluded from the study, as were pregnant women. All eligible patients underwent 24-hour ABPM. Eventually, we studied 346 patients (mean age, 48±12 years; M:F ratio, 175:171).

This study was approved by our Institutional Review Committee. Patients were informed of the investigative nature of the study and written informed consent was obtained before enrollment.

Measurement of office blood pressure and 24-hour ambulatory blood pressure monitoring
-------------------------------------------------------------------------------------

Office BP readings were taken twice in the morning (between 8 and 10 a.m.) by trained nurses using an appropriate sized arm cuff and a mercury sphygmomanometer after a 10-minute rest in the sitting position. The office BP was the average of two consecutive readings.

Twenty-four-hour ABPM was measured using a Pressurometer IV (model 1990A/1991; Del Mar Avionics, Irvine, CA, USA). A cuff for adults was applied to the patient\'s non-dominant upper arm and the SBP, DBP, and heart rate (HR) were measured automatically every 30 minutes between 6 a.m. and 10 p.m. and every hour between 10 p.m. and 6 a.m. the next day. It was recommended that routine daily life be continued during the ABPM measurement period. All subjects underwent 24-hour ABPM in the morning (between 8 and 10 a.m.) within 3 days after office BP measurement.

Early morning SBP was defined as the mean SBP reading during the first 2 hours after awakening and the lowest night SBP was the mean SBP reading across 3 consecutive measurements, including the middle value as the lowest SBP reading recorded during the night, as described previously ([Fig. 1](#F1){ref-type="fig"}).[@B10] The morning BP surge was defined as the early morning SBP minus the lowest night SBP \>28 mmHg (highest quartile of morning BP surge) in this study.

The subjects were divided into 2 groups based on age (\<60 and ≥60 years), and traditional cardiovascular risk factors, such as age, gender, and body mass index {BMI=weight (kg)/height^2^ (m^2^); a BMI \>25 kg/m^2^ is considered overweight} were compared with the parameters from the 24-hour ABPM, such as EMBPS, 24-hour mean SBP, 24-hour mean DBP, 24-hour mean mean blood pressure (MBP), 24-hour mean PP, 24-hour mean HR, day-time mean SBP, day-time mean DBP, day-time MAP, day-time PP, day-time HR, night-time mean SBP, night-time mean DBP, night-time MBBP, night-time PP, and night-time HR. The degree of dipping {degree of nocturnal BP dip (%)} was calculated as {(mean day-time MBP-mean night-time MBP)/mean daytime MBP}×100.[@B17]

Statistical analysis
--------------------

All data are presented as the means and standard deviations, and statistical analysis was performed using SPSS (version 13.0; SPSS Inc., Chicago, IL, USA). Student\'s t-test was used for comparison of the measured values from the two groups divided according to age. For correlation of the variables from the 24-hour ABPM, linear and multivariate regression analyses were used. In order to compare the significance among the groups, a chi-square test was used. A p\<0.05 was considered statistically significant.

Results
=======

Baseline clinical characteristics
---------------------------------

In the groups divided by age, there were 278 subjects \<60 years of age (mean, 44±10 years) and 68 subjects ≥60 years of age (mean, 65±4 years) ([Table 1](#T1){ref-type="table"}). There were no significant differences between the 2 groups in baseline clinical characteristics with respect to traditional cardiovascular risk factors, such as gender, BMI (obesity), and smoking. There were no significant differences between the 2 groups in baseline clinical characteristics with respect to blood chemistry, except serum triglycerides (p\<0.05). The younger subjects (\<60 years of age) had higher serum triglyceride levels than the older subjects.

The results of 24-hour ambulatory blood pressure monitoring
-----------------------------------------------------------

The significant differences in 24-hour ABPM parameters for the \<60 and ≥60 year-old subject groups were as follows: EMBPS, 18±14 and 24±14 mmHg (p=0.002); 24-hour mean MBP, 102±9 and 105±11 mmHg (p=0.044); 24-hour mean PP, 52±10 and 58±11 mmHg (p\<0.001); day-time mean DBP, 90±11 and 85±11 mmHg (p=0.039); day-time mean MBP, 105±9 and 109±11 mmHg (p=0.005); day-time mean PP, 53±10 and 58±11 mmHg (p\<0.001); and night-time mean PP, 50±11 and 54±15 mmHg (p\<0.001), respectively. These parameters were significantly increased in the older group compared to the younger group. However, the degree of dipping was significantly decreased in the older group (10±8% vs. 7±10%, p=0.002) ([Table 2](#T2){ref-type="table"}).

The relationship between early morning blood pressure surge and conventional cardiovascular risk factors
--------------------------------------------------------------------------------------------------------

The study subjects exhibited a circadian pattern of BP variation similar to that observed in other studies ([Fig. 1](#F1){ref-type="fig"}).[@B1][@B2] There was a positive correlation between EMBPS and age (r=0.213, p\<0.001) ([Fig. 2](#F2){ref-type="fig"}). However, there was no gender difference in EMBPS (p=0.325) ([Fig. 3](#F3){ref-type="fig"}), and the correlation between EMBPS and BMI was weak and not statistically significant (r=-0.086, p=0.131).

After adjusting for gender, BMI, and the various 24-hour ABPM parameters, age was shown to be an independent risk factor for the highest quartile (\>28 mmHg) of EMBPS values (odds ratio, 1.051; 95% confidence interval, 1.028-1.075; p\<0.001) ([Table 3](#T3){ref-type="table"}).

Discussion
==========

This study is the first to demonstrate that age is correlated with EMBPS (r=0.213, p\<0.001) ([Fig. 2](#F2){ref-type="fig"}) and is an independent predictor of EMBPS in patients never-treated for hypertension, after adjusting for gender differences, BMI, and various 24-hour ABPM parameters (odds ratio, 1.051; 95% confidence interval, 1.028-1.075; p\<0.001) ([Table 3](#T3){ref-type="table"}).

24-hour ambulatory blood pressure monitoring characteristics of elderly patients with hypertension
--------------------------------------------------------------------------------------------------

The vascular factors that contribute to an increase in cardiovascular events with increasing age, including arterial stiffness, BP, and baroreflex sensitivity, should also be considered from a physiologic perspective. Najjar et al.[@B18] have reported that increasing arterial stiffness and impaired endothelial function are two factors that occur with vascular aging in humans.

Aging is strongly associated with the development of isolated systolic hypertension (widened PP), and is also a stronger predictor of cardiovascular risk in older adults than either DBP or MAP.[@B19] In addition, Laurent et al.[@B20][@B21] reported that pulse wave velocity, a marker reflecting arterial stiffness that increases with age, is associated with hypertension, and is a cardiovascular risk factor. As SBP rises and DBP falls with stiffness, the increase in PP is an important factor reflecting arterial stiffness.

Many observational studies evaluating the changing pattern of BP with the aging process have shown a concomitant increase in SBP and PP until middle adult life.[@B22] Khattar et al.[@B22] reported that the relative prognostic significance of 24-hour ABPM parameters depends on age; DBP provided the best prognostic value in middle-aged subjects, whereas PP was the most predictive in the elderly (≥60 years of age).

Our data also revealed that PP in particular was significantly increased in the older group compared with the younger group (24-hour mean PP, p\<0.001; day-time mean PP, p\<0.001; and night-time mean PP, p\<0.001) ([Table 2](#T2){ref-type="table"}).

Clinical aspects of early morning blood pressure surge
------------------------------------------------------

The relationship between EMBPS and cardiovascular risk has recently become a subject of increasing interest. Although differing in the types of patients assessed and the results obtained, several previous studies have also demonstrated an association between EMBPS and cardiovascular events.[@B10]-[@B12]

EMBPS also appears to increase hypertensive heart disease.[@B4] EMBPS was associated with cardiac hypertrophy and common carotid artery intima-media thickenss independent of 24-hour ABPM parameters.[@B23][@B24]

We investigated the association between 24-hour ABPM parameters, including EMBPS and conventional cardiovascular risk factors. The results ([Table 3](#T3){ref-type="table"}) ([Fig. 2](#F2){ref-type="fig"}) showed that only EMBPS was associated with age after adjusting for other cardiovascular risk factors and other 24-hour ABPM parameters. Thus, we can exclude the effect of other BP parameters.

Strategy for early morning blood pressure surge
-----------------------------------------------

An EMBPS is linked to increased target organ damage, as well as stroke and other cardiovascular complications, particularly in elderly patients with hypertension and impaired autoregulation of hypertensive target organ damage.[@B25]-[@B28] Once-daily antihypertensive drugs are now widely used. However, even though the medicated hypertensive is well-controlled, it is difficult to know whether the morning hypertension is controlled in the current clinical practice for hypertension. Therefore, 24-hour ABPM or self-measured home BP monitoring targeting EMBPS will achieve more beneficial cardiovascular outcome in elderly patients with hypertension.[@B25] In addition, controlling the EMBPS with antihypertensive drugs might prevent various cardiovascular complications and improve stroke prognosis.[@B10] To reduce the magnitude of the EMBPS notably, it may be necessary for some personalized therapeutic strategies, such as the use of long-acting drugs and the other medications that specially antagonize the morning surge (such as alpha-blockers or blockers of the rennin-angiotensin-aldosterone system).[@B29][@B30]

Further experimental and clinical studies are necessary to control the EMBPS effectively in elderly patients with hypertension.

This study showed that age is the most important risk factor for EMBPS in 24-hour ABPM. Therefore, we suggest that 24-hour ABPM is needed in elderly patients with hypertension and specific studies targeting EMBPS should be a particular focus for the future.

This study was supported by a grant of the Seoul R&BD Program, Republic of Korea (\#10526).

![The early morning surge (EMBPS) is the early morning SBP minus the lowest night SBP. The early morning SBP is the mean SBP during the first 2 hours after awakening. The lowest night SBP is the mean SBP reading across three consecutive measurements, with the middle value the lowest SBP reading recorded during the night. EMBPS: early morning blood pressure surge, SBP: systolic blood pressure.](kcj-39-322-g001){#F1}

![The relationship between early morning blood pressure surge (EMBPS) and age.](kcj-39-322-g002){#F2}

![The relationship between early morning blood pressure surge (EMBPS) and gender.](kcj-39-322-g003){#F3}

###### 

Baseline clinical characteristics
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BMI: body mass index
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24-hour ambulatory blood pressure monitoring parameters
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Degree of dipping (%): {(mean daytime MBP-mean night-time MBP)/mean daytime MBP}×100. EMBPS: early morning blood pressure surge, SBP: systolic blood pressure, DBP: diastolic blood pressure, MBP: mean blood pressure, PP: pulse pressure, HR: heart rate
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Multiple logistic regression analysis of an independent risk factor of 24-hour ambulatory blood pressure monitoring data for the highest quartile of the early morning blood pressure surge (EMBPS) values (\>28 mmHg)
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BMI: body mass index, MBP: mean blood pressure, PP: pulse pressure
